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SUMMARY

The thermochemical data for the 1T9 chemical species presented 5y Bahn
(NASA CR2178) for the (-H-0-N System have been curve-fitted to provide
coefficients used as input data for equilibrium and finite chemistry computer
programs such as Gordon and McBride (NASA SP-273), Bittker and Scullin (NASA
™ D6586); and Pratt (Washington State University Bulletin 336). Polynomial
coefficients are listed in the proper card image form for use in these computer

programs. The thermochemical curve-fit coefficient data include many chemical

gpecies which are not included in the present data tapes used with
the.referenced computer programs. Hydrocarbon reaction mechanisms that were

Previously neglected because of lack of thermochemical data can now

be included in combustion and pollutant formation enalytical studies.

INTRODUCTION

In efforts to utilize the dwindling supply of hydrocarbon fuels in a
more efficient way and in a manner less destructive to the environment,‘the
use of computer combustor models as engineering tools to guide the development
of combustion systems will bé increasing. Resalistic chemical reaction
mechanisms describing the pyrolysis and subseguent oxidation of variocus
hydrocarbon fuels and fuel mixtures are very importént in combustor modeling.
As more detalled reaction mechanisms are developed, a need arises for thermo-
chemical data for the various hydrocarbon fuels and combustion intermediates.
These data are used to assemble the complex reaction mechanisms that are
required to describe the combustion of hydrocarbon fuels and the formation of
pollutants. The need for thermochemicel data becomes increasingly important

as attempts are made to use fuels synthesized from coal or shale oil, where fuel



chemical structure mey be an important factor in its combustion and pollutant
formetion characteristies.

The JANNAF tables (ref. 1) have provided thermochemical data for many of
the lower molecular weight hydrocarbons and pyrolysis intermedistes for combustion
calculations in the past. However, thermochemical properties of the larger
molecular weight hydrocarbons, which are the predominant constituents of’
present-day fuels, have been omitted from consideration. One reason for the
cmission has been the orientation of the efforts of the JANNAF organization toward
tabulating thermochemical data primarily for the combustion products of rocket
engines. Nevertheless, some numerical representation of the chemical thermody-
namics of the higher molecular weight hydrocarbons is required if they are to
be considered quantitatively in combustion kinetics,

A recent report by Bahn {ref. 2) provides approximate thermochemical
properties for a number of the higher molecular weight fuels and intermediafe
species which may result from their pyrolysis. It is believed that, during
the interim period until a recognized body such as the JANNAF organization
compiles thermochemical data for these species, the data provided by Bahn
can be used to upgrade computational procedures invelving more complex
reaction mechanisms in combustion models.

The compilation of Bahn presents thermochemical data for entropy, heat
capacity, and enthalpy to temperatures of 6000°K in tabular form much like that
of the JANNAF tables. The tables as issued by Bahn were prepared using the
computer program of McBride and Gordon (ref. 3). This program crestes least
squares polynomisl fit coefficients to express the pertinent thermochemical
dats as functions of temperature. Bahn used the program to smooth interpolated

and extrapolated data. Being interested in applying the output of smoothed
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tabular data, consistent with the data formst of computer program FINEK®, he did not
report the polynomisl coefficients which had been created. The present work comprises
a restoration of the coefficients from the smoothed tables presented by Bahn.

. While the form of Bahﬁ's data is convenient E;; oﬁ;;;Qing the trends of the
data or for comparing it with existing data, it is in a form not easily compatible
with most existing computational models other than program FINEK. A number of
computer programs now available for performing combustion calcﬁlations with
either equilibrium or kinetically controlled chemistry rely on "paeked“
thermochemical data. The "packed" dataare in the form of the least sgquares
polynomial fit coefficients from which thermochemical properties can be
calculated at required temperastures. To be more specific, the computer programs
of Gordon and McBride (ref. 4), Bittker and Scullin (ref. 5), and Pratt (ref. 6),'
all of which deal with combustion of fuels, require the thermochemical data in
the "packed" form. Therefore, in the present work, the thermochemicsl data of
Bahn have been curve-fitted by the method of McBride and Gordon (ref. 3) and
the coefficients are presented in the card form suitable for use with the
specified computer programs or any other programs using the method of Gordon
and McBride to caloulste thermochemical properties.

A comparison is shown for the combustion of methane and air with the
perfectly stirred reactor program of Pratt {ref. 6) using the original
"packed" thermochemical data supplied by Gordon and McBride derived from the
JANNAF tables and the "packed" the;mochemical daéﬁlderived from Bshn's tables.
This comparison was performed to check the consigtency between the two versions

of thermochemical data during an actual combustion caleulation. To illustrate

the use of the new thermochemical data, = perfectly stirred reactor calculation

*Program FINEX was creeted at the Marquardt Company by A. Widowsky and
C. W. Brandenburg and used by Bahn both there and at LTV Aerospace
Corporation for general finite-kinetics caleulations.
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of propane-air stoichicmetric combustion was performed. The reaction mechanism
for this calculation was e combination of the complex Chinitz-Baurer mechanism
(ref. 7) and an accepted methane combustion mechanism (ref. 8), and involves

many of the species previously neglected because of lack of thermochemical data.

SYMBOL LIST
CP heat capacity, constant pressure
h enthalpy
ﬁ mass flow rate, 5%%%
R universal gas constant
] entropy
T gbsolute temperature
v volume, cc

CALCULATION OF COEFFICIENTS

The polyncmial coefficients were calculated using the computer program
of McBride and Gordon (ref. 3). The tsbular thermochemical date issued by
Bahn (ref. 2) were used to effect a simultaneous least squares polynomial fit

of C_P/R, h/RT, and S/R in the form

% 2 3 4
B= A ¥ AT+ AT+ AT+ AT

A A A A A
b 2 32 4, b3, 5ok, 6
RT-A1+2T+3T+'H—T +5T+T

A A A

s _ B2, 3.5k
TEA T HATF ST T T+ A

where CP is defined as heat capacity at constant pressure, h is enthalpy-
based at the reference temperature of 298.15°K, S is entropy, R is universal
gas constant, and T is temperature. The seven coefficients (A1 t AT)

calculated by the program for the upper (1000-5000°K) and lower {300-1000°K)



temperature ranges of the thermochemical data are presented in the card

format suitsble for use by the computer programs of references 4, 5, and 6. The

format is as follows?

(a) Card 1 (Contains species name, reference, pertinent elemental

symbols and stoichiometric coefficients, the tempersture range,

and the
Columns
Columms
Columns
Columns
Columms

Columns

card number).

1-38 Species nane

19 -~ 24  Reference

25 - L4  Elemental symbols and stoichiometric coefficients
b5 State of species

49 -« 55 Lowest temperature

58 - 65 Highest temperature

Column 80 Number of card

Cards 2 through b4 (Contain coefficients (Al tet AT) for the

upper tempeérature range followed by coefficients (Al T AT)

for the

Card 2,

Card 3,

Card 3,

lower tempersture range).

Colums 1 - 15 Al 3

Columns 16‘- 30 A,

Columns 31 - 45 A3 Upper
Columns 46 - 60 A, $ Temg:zzzure
Columns 61 -~ TS Ag

Columns 1 - 15 : A6

Columns 16 ~ 30 Ay

Columns 31 -« 45 Al N

Columns 46 ~ 60 A,

Columns 61 -~ 75 A




Card 4, Columns 31 - L5 Ay Lower
Colunns 16 - 30 A, Temgzzgzure
Columns 31 - 45 A6
Columns L6 - 60 AT

Each species iz represented by a four-card set.

The cards were stored on a tape in the same manner as the original tape
supplied by Gordon and McBride (ref. 4). The data of this form stored on a
tape have been referred to as "packed" thermochemical data. The cards are
listed in Appendix A, pages Al - All, for the Bahn data. The cards on page
A15 (also lest set on page Al4) of the Appendix were added from the original
data as reported in (ref. L) to make & more complete C-H-O~N thermochemical
package. In the case of species common to both data sets, the Bahn dats
were chosen for the present listing in order to provide a more unified data
set, with the exception of water for which the listing of the two phases of the

JANNAF data set was considered more appropriate.

RESULTS OF CALCULATIONS

Application of the specles provided by Bahn and the curve fits reported here
to the computer programs of ref. 4, 5, and 6 requires only slight
modification of the different programs. Methane-air combustion calculations
were performed using the stirred reactor computer program of ref. 6 and the methane
mechanism from Jachimowski (ref. 8) with the original thermochemical data
tape from Gordon and McBride as well as with the thermochemical data tape of
this paper,

Figure 1 shows the variation of mole fractions of CO and NO with residence
time within the reactor volume. The circular symbols represent a calculation
using the original {01d] tape and the square symbols represent a caleulation

performed using the [new] tape generated in this paper. The variastion of



temperature with mass flow rate for methane-air combustion is

‘shown in Figure 2 for the old and new thermochemical data tapes. These
figures illustrate that although the curve-fitted pclynqmial coefficients
listed in reference U appear different from those listed in Appendix A for
the same species considered in the methane-air calculation, the results such
as mole fractions of the chemical species and the temperature varlation with
mass flow rate per unit volume are comparsable.

To illustrate the need for thermochemical data provided by Bahn and curve-
fitted in this paper, a computer calculation of propané-air ﬁombustion was performed
using a complex reaction mechanism. The reaction mechanism, whichlis &
combination of the Chinitz-Baurer Mechanism (ref. 7) and an accepted methane
reaction mechanism {ref. 8), is shown in Table I. This composite reaction
mechanism containg many of the intermediste species for which thermochemical data
in the form of polynomial coefficients were not previously aveailshle. The
equilibrium combustion solution for the polynomiai fits generated in this papér
is shown in Teble II. In Table III, the mole fractions of the combustion
products at different stirred reactor stationary states sre shown. As was
stated earlier, this stirred reactor combustion solution was provided as an
éxample of the type“of reaction mechanism that may now be considered. Perhaps
a more vivid example of the need for thiz interim therﬁochemical data is the
fact that not even the simplest propane combustion calculations could be

tested previously becsuse as yet the JANNAF tables do not include'prbpane.
CONCLUDING REMARKS

Least square polyncmiel coefficients for 179 species in C-H-O-N system
have been calculated from the thermochemical data presented by Bahn in NASA
CR-21T8. These thermochemical data coefficients, along with some taken from

NASA SP-273 which were not in the Bshn list of species, are presented in =



form suiteble for use with equilibrium and finité rate chemistry computer
programs such as those described in NASA SP-273, NASA TN D-6586, and Washington
State University Bulletin 336. The thermochemical data provided by Bahn and

for which polynomisl curve-fit coefficients are listed in this report aliow use
of complex hydrocarbon species - important for combustion analyses — but

missing from present compilations such as the JANNAF Tsbles. Results of
calculations with species included in the thermochemical data coefficients listed
in NASA SP-2T73 and those listed in this compilation agree wvery well. Results

of the propane-air combustion could not be compared with the data of NASA

SP-273 because no data for propane or its pyrolysis intermediates were included

therein.
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APPENDIX A

CARD IMAGES FOR THERMODYNAMIC DATA TAPE

2 1 2 3 S 6 7

a
12345678901 234567BY01234567890123456768901 2345678901 23456 789012345678901234567850

300000 1000+ 000 5000.000

AR CR2178aAR 10 00 [¢]a] 0G 300.000 5000.000
2.51062479E+00-1 4 3B TSETE-05 6+566655B1E~09~1¢34972376E~12 1.02693B75E-16
—7e4TOERTARIE+02 44 3045498BIE+00 2+ IT77TE3IF2BE+00 9451 768376E-04-2+457481526-06
2463504161E-09—1 00421 TI0E~12-7+ 3421 7481 E+02 4.86200098E+00

H CRZI78H 1o alo] a0 oG 300000 50004000
2+.51483B89E400-2,15303554E-05 1+ 10486229E-08-2.39405B57E-12 1.87S53969E-16
P eSAGBICELEFCL-54 846961 3BE-01 Z2«37BOBOOTE+C0 9.44382311E-04-2+43716893E-06
Ze61 76892 7E~C9~1 s Q0OPIABOEE—12 2+56840220E+04 3.501451 75E-02

HNO CR2178H 1M 1C 1 oG 300000 S0O00.000
3.26017547E400 3,51417900E-03=1+393428801E=08 2.,39192466E-10~1«51090771E~14
1085434966404 6.085488924E+00 24 39810073E+00 Z99061231E-03-4+37253320E-07

~2.49621217E-10 1.13113547E-14 1083511556404 6426556872BE4+00

OH CRZ178B0O 1H 10 Qo 06 300000 50004000

3443261 260E+00 12B83340602E-04 1+89076697E-07-629681174E—11 S 47B60574E-15
1+ 7004BTTBE4DE 2,84655445E400 e 47034404E+00-6.92 182490E-05 F+22224B40E-07
—1 +4GS04385E-~09 Be092327I6E~13 3 TUBSEAI6E+03 2.2999B029E+00

ROz . . CR2178BH 10 20 o]3] 9]} 300.000 5000000
3.46258831E+00 2423382372E~03-1421393310E-06 Z+05886117E-10-1+29578066E-14
1 « ASG4H4FADE40T £ 6ISHIIEBE+LO 3244031955SE+00 3537354BBE~03-2+45516407E-06
2212110065E-09-2.,68202271€~13 353114215403 62767021 12E+00

n2 CR2178H 20 oQ Qo 0G 300.000- S000.000

3+ 3268601 1E+00 24,3891 779SE=04 | «S52769123E-07-4+74507T58BE-11 3+97934156E-15
~1«00106600E+03-3230446231E+00 2484460248E+00 3.42BQ1294E-03-7400927TIBE-CE
76328525 2E-09-2.82946434E -1 2-F2 4B843987E402-1 237131 38BE+G0

HZ2Q0 CR217BH 20 10 jola) [s]e) 300,000 S5000.000

3.3H490T2E+00 240269471 1E-03-3«39108B414E-07 7.45713395E-12 1+91874758E-15
—.0} 7TE4964E+048 3.1507T7706E+00 J41291470E+00 1.42834687E-03 1«35410198E-06
P2 el] 2EREGAE-09 1« 2388BT7T730E~12-3+01744105E+04 2+ 78944463E+400

“H202 CR2178H 20 20 oo oG 300.000 5000000

3. T7BB22153C4+00 599894691 E~03-2+563732390E-06 5e%21261 FTE~10-391343711E-14
—1+77449352E4+04 4+B3336124E400 3e56621321E+00 TeS54415174E-03-64+ 12015182E-06
3.492131B1E-09—8+6950B599E-13~177210132E+04 Se76407448E+00

N crR2178N 1a Qo GO oG 300000 S000.000
2. 48030082E+00 7490306735E-05=T+06336763E~08 2.017BS1IBBE~11~129926580E-15%
5eH1041313E4+06 4« 26T762042E+00 2+ 35B51956E+400 F+aBB16TIOE~DG~2+ 25072254E~-06
2 #305700BSE-09-8.527285C1E~13 Sa61176301E4+04 4. T782192S5E+00

NO CRZ2178N 10 10 a0 0G 300000 5000.000
F.2015000TE+CO 1 « 2677361 0E-032~4+65F49701E~D7 TaT71671453E-11-4+ 7051 2320E-15
G «B4SITS4AE+03 £ 7O0393BZ4E4+00 3.398B64387E+00 1570975565 -04 1+21755989E-06

~P+376B1305E~0Y9 97966021 7E-13 F.82666F6BE+03 5.83566612E+00

NOZ CR21 T8N 10 20 (0]} oG 300.000 5000.000
3.68493822E+00 3.87290924E-03~169517738E~-06 3.1B379349E-10-2+15361430E-14
2.74234TSBE+D3 6. 74942BAa9E+00 3453583593E+400 D] 97029 TOE-03-5« F0US2A264E-06
£+ 097TBE0ETE-QT—Ze TH5P6U40E~12 2736761 73E+03 Te219F91B39E+D0 ’

A-1

8

PUM= BULUN= BLN—= DLN = SO~ Bpu—- BN~ BWh= PUN~ BWN-

Hown -



N2 CRZ21 78N 20 oG 00 0G 3004000 S000.000
3«09351515E+00 11 71B5724E-03~3473101 726E~«07 5.327748B67E-11-2.75513187E~15
—Ga7TIEBIBHKEHOZ S+OKTBITHIE4D00 3¢15539314E400 0601 7TB7TE-04 1 +56189555E~07
-5¢86385052E~10 4411577494 ~13-9.,81267815E4+02 4.77456433E400

N20 CRZ2178N 20 10 o0 oG 3004000 S000+000
3.B2025413E4+00 44+ 14595688E~03-1+78113181E~-06 3.30769791E-10-2+21921812E-14
825872004 7E+03 3«522962570+00 3.25082261E+00 B4 1828BB43E-03-1+23645697E-05
1e27480024E-08~5+32348696E-12 2,62192965E+03 S5.89TABITIES0QD

o] CR21780 10 Qo 00 oG 300000 5000000
2+68095645E+00-2+4 465851 F0E-04 14111841 75E-07~19583%215E~11 1.34055109E-15
2e3179318BBE+404 4413395046E+400 2.65344834E+400-4 «2264B660E-07~5e 31 001897E-07
Be55303343E-10-1+50115070E-13 2.F1843269E+04 4 424503508E+00

o2 CR21780 20 00 20 oG 300000 5000.000
3+26494072E4+00 1235930566 -03-4426006473E-07 7+82654492E-11~-5.52335861E~15
~102084632E+03 Se6B22062TE+00 3+.23218536E+00 1 +6B340068E-03-2.04681420E-08
2+31Z269101E-09~14033855F4E~ 12~ 1+0244966FE+03 5. 78378066E+00

o3 CR21780 30 0o 00 oG 300000 50004000
4e48462136E+00 3421498804E-02-1.849261930E-08 2.79112833F-10-1+92576344E-14
1eST129121E404 Z+14703555E400 4417207609E+00 S#2510478BSE-03-7+4992331BE~-06
Be799728B2E~09-4+206B1429E~12 157336361E+04 3.50491274E+00

NH CR2178N 1H 10 o0 0G 300000 5000000
320923723E+00 64570414326-04-4,72280340FE~08-] ,5B48F721E~1] 2+ 20606241E=15
2=88619172€4+04 3.30411806E+00 3+ 16545065€+00 949382753 1E-08~T« 2909251 7E-07T
2e4B4048050-10 1426821244E~13 1.B8735134E404 3.49149410E+00

NHZ2 CRZ21 78N 1+ 20 ald] oG 300000 SO00.000
3+217B5257E+00 2+ 23B743043E-03-5.74512997E~-0C7 5246291 3B3E-11~1+29454491E~-15
1e92042800E+04 3.66089880E400 3.38414151E400 1.30603093E~03 22238451 77E~06

—3¢52224209E-0%9 [+67773246E~12 1,91994583E+04 2.9597353254+00

NH3 CR2178N 1H 30 Qo 0G 2004000 S000.000
2+63978534E+00 Sa35430994E-03-~1.6C619153E-06 241963351 BE-10-112219016E-14
~6e58324973E403 6.52738734E+00 3.023371STEH00 28282057 2E~03 4.5U232142E-06
~6e72751162E-09 2.879F1B27E~12-6+61139991E+03 4.89744032E+00

N2HZ CRZ178N ZH 20 00 jald] 300.000 S50D0«000
2eT3T3ZF14E+00 6.80553016E-03-2.58032682E~06 4+ 3BBYCZIBE-10-2+ T&I9757IE~148
24521 3732E+404 BeT11P0369E+00 3+04569098E+00 S.01546979E-03 Ye 8622 736RE—0T

~236706498E-09 7413479788E-13 2+44T91257E+04 7,34B64237E+00

NZ2H3 CR2178N 2H 3C ao oG 300.000 S000.000
3+423014627E400 940634821 1E-03~-3.44143532E-06 S5+B8968724E~]0-3« 7336239914
1+7205077BE+04 6.50133444FE400 3.03851382E+00 1+0509149BE-N2-T«85211180E-06
6o 780636B5E-09~3207236318E~12 1+72031902E+04 7.27962239E+400

NZ2H4 CR2178M 2H 40 Q0 oG 300,000 S000«C00
4aF3034225E+00 BeT4346238E-03-23.04194120E~-06 Se3760727SE~10~3. 65530403514
Fe65648660E+03-2. 163127366400 3, 7SBBRG2TE+0D 125203062 7E-02-2+2618a3582E-05
2+45788792E~08=1.07894553E~11 Q.76390755E+03 2«93210952E+00

NH3# CR21t 78N 1H 30 oo oL 3004000 5000.000
2421011S87E4+C] -1 4 3995153702 62 066328B01E-06~141 770339 7E-09 BeS51117388E-14
—1e50337745E404~1,09190625E402 6.087691 ISE+00 Te707268%2E-02-2+085T0758E-04
2-38530076E—07-]-OOO39259E-10—1c29!043D9E+O4—3-719¢0811E+0!

C* CR2178C 10 (o] 0] o0 0s 300e000 5000000
4¢716T136BE-01 342193421 4FE~03~1.46570497E-06 2284780091 €-10~1+96212204E-14

~2+46859407E+02-2+B988710SE4+00 1.60397456E-01 Se4311041 TE~03=7e51534731E-06
TeF2631839E-09-3.51199430E-12-2,36824374E+02~1 +6096F0STE+O0

A-2

- BN & LN - &AW £ oW - £ oW — Py - &g & - W) My - bW B W —-

PLN -



C CR2178C 10 e]0] o1¢] oG 300000 S0C0.000
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TABLE | - REACTION MECHANISM )
UNITy: LH.CAL.KELVIN.HDLt;SEC.__H I5 ANY COLLISIOK PARTNER, RATE OF REVERSE REAGTION CALCULATED FROM EQUEILIBRIUM CONSTANT
REACTIONS BEING CONSIDERED K=A®{ T*¥N) *EXPL-E/RT) A N E» CAL
la [*F + N = 0 + 0 + M 2.550E+18 -1.00 118700.0
2. H2 + OUH = H20 + H . 2«190E+13 Q.00 5150.0
3 H + 02 = [s|] + 0 2.240E+14% 0. 00 16800.0
4. o + H2 = v 1] + H L. 800E+10 1.00 8900.0
e u + H20 = OH + UH 5.750E#13 B.00 18000.0
Ha H + H + M = HZ +* M 1.Q00E*18 -1.00 0.0
T H + OH + M = H20 + ] T.500E+23 =2.60 Q.0
de co + 02 = a + L02 . l+600E+L3 Q.00 41000.,0
Yo NO « U + N = NG2Z * M 1. 050E+15 0.00 ~1870.0
i0. NO2 + 0 = NO + 02 ) l.000E+13 0.00 600.0
1l. N2 + H = NO + OH T+ 200E+14 Q.00 1930.0
Lé. N + 0 + M = NGO + ] 64 900E+16 -.50 0.0
L3, N + 02 = NO + Q0 6. 4%00E+D9 1.00 625Q0,0
L4. a + N2 = NG + N l. 360E ¢+ L4 0.00 75400.0
i5. LHS + .} = CH3 + H + M 4-000E+L7 0.00 85421.0°
Lo, cu + OH = Caz + H 9. 600E¢11} 2.900 1080.0
17. CHas + U = aoH + CH3 2.000E+L3 0.00 9220.0
ld. CH4 + H = CH3 + HZ Ha FOQE+L3 Q.00 11823.0
i9. LH4 + UH = CH3 + H20 2+ B0O0E+L3 0.00 4968.0
20 LH3 + 02 = CH20 + OH 1.200E+12 0.00 15000.0
die CH3 + O = CH24g + H Le950E+L2 0.00 2000.0
22 CHEU L = H2 + CO + ] 2+ LOUE+1L6 0.00 35000.0
£3. HCY + OH = co + H20 2-Q00E+]1 2 Q.00 0.0
24 HCQ + M = H + (0 + L} 2.000E+]12 «50 28613.0
25, CH2U + OH = HCO * H20 2.000E%]13 0.04Q 0.0
26. (A1) + 0 + M = [+¢ A N 4.000E+13 0.00 0.0
27, {3ha + UK = CarT + H20 1.0QQE+LL «50 7200.0
284 C3H8 + 0 = C2HE + CH20 1. 000E+12 50 Q.0
29, C3aHa *+ H = C3H? + H2 3.600E+L2 <50 7200.0
30a C3IH7 + 0 = C2HELCD + H 8.800E+11 =50 g.Q
31l. C3n? + 0 = CIMe + 0OH 8.800E+21 50 0.0
32 C3HT + UH = C3Ha + H20 He BOCE+L0 .50 0.0
3. L 3d7 + U2 = CZHeCE + (H 1.000E+]1 -30 Q.0
34. L 3H6 + 02 = CH3(HD + CHZ0 9. 800E+10 «50 0.0
35, L 3Hg + OH = CH3LHO + CH3 8. 100E+10 <50 1000.0
36. L3Ho + 0 = C3H4 + HZD B. LO0E+#L L -50 0.0
31. C3Hé + O = LH24 * C2H% Ba100FE+11 «50 0.0
38. C3IHG + Uz = CH3CO + HCO i.000E+11 -50 Q.0
39. C2He + = C2HS + OH 8.800E+L1 +50 7000.0
40, C2H6 + OH = C2HS + H20 6. 900E+10 50 5500.0
CY'™ L2He + H = CZH5 + H2 2.000E+12 0.00 6200.0
42. C2HACO + OH = C2HCO + H20 . 9. 6OOE+L0 50 6700,0
43. CiHeLO + H = CZHSCO + H2 3.500E+L2 «50 i0500.0
44 C2H5CO + O = L2H5 + COd 9., 000E+11 +«50 0.0
45. CZH3CO + OH = C2H50H + CO 9. 000E+L0 -50 0.0
L L2A5C0 + 02 = C2H40H + CO2 1.Q00E+L 1 .50 0.0
47 CZHSCO + R = C2HS + HCLO 3.300c+12 «50 5300.0
4B, CZH50A ¢ H =  {2H5 + H20 3.000E+12 -50 4600.0
9. C2H40H + H = C2HS + 0H 3.000E+12 =50 9800.0
50. CZHS + 02 = CH3LHO + DR l.100E+]11L 50 0.0
S5la L2H5 + = C2H4 + OH B.800E+L1 50 G.0
52. L2ZH5 + 0 = CH3CHO =+ H 8.800E+1) «50 049
53. C2HS + OB = C2H4 + Hz20 8+ 900E+10 «50 0.0
54. CH3CHG + QH = CH3La + HZ0 6. 500E+L0 -50 4000.0
S5 CH3CHU + = CH3LO + H2 2.400E+12 «50 L1000.0
LY. CH3CD + 0 = CH3 + {02 H¢ 1QQE*L] «50 0.0
at. CH3CO + 02 ® CH20H + Coz2 7.800E+L0D «50 1500.90
5He CH3CO + OH = CH30H + cCO 6. 200E+10 50 0.0
59, CH3CO + H = CH32 + HCO 2.200E¥*12 P14} 5400.0
60. CH3IUH + H = CH3 + HZ0 24 300E*1 2 +50 5300.0
Gle CH2UH + H a CH3 + OH 2.200E+12 «50 10700.0
62. C2h4 + Q0 = CH3 + HLO 3.000E+13 0.00 0.0
53 Czrig + 0 = LaH2 + H20 3.000E+13 Q.00 0.0
64, L 2H4 + OH = CH2 + CH20 " 1.000E#11 .50 T100.0
65, L2H2 + 0 = C2H + OH 3.400E+L5 -abi 18700.0
66 C2H2 + OH = C2h + H20 2+ 200E+14% 0.00 7000.0
67. C2H + 02 = LH + Coz 1.000E+L4 0.00 23000.0
o8 CH + 02 = [#] * OH 8.100E+10 050 0.0

ORIGINAL Paw
OF POOR QUALITY
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TABLE |1 - THERMODYNAMIC EQUELIBRIUM COMBUSTION PROPERTIES

U/F= 15.6030 PERCENT FUEL= 40230 EQUIVALENGCE RATIO= 1.0000

THERMQDYNAMIC PROPERTIES | HOLE FRACT LUNS

H 4.6931-4 NZG lelTii=7 CH2o 2.478-113
:: 32: K 1.3323 HND 5.9868-8 0 3.0935-4 co L.2288~-2
RHOs  G/LC 1.5084~4 uH 3.2027-3 az 5.7614=3 o2z 1.0271-1
Hs CAL/G -~33.4 HO2 3.2382-7 03 Ge249-114 . CN 5.Tl4~4&
51 CALALGEIK) 2.3180 H2 3.3605-3 NH 1.2687-8 HND2-C 9434949
My HOL WT 28.06% Hzd 1.4813~1 hHZ 1.5114=9 HNOZ-T L.0745-8
POLVADLPIT -1.0029% H202 5.0460-8 . NH3 1.8315-8 HNO3 5.382-13
{OLY/DLTIP 1.0885 N 243046-8 N2H2 3.280~14 ~03 1.504-13
LPs CAL/LGIIK) L5423 NO 2.4479-3 HCN 3.207-11 HCOOH 4.1768~9
GAMMA (51 1.1788 NO2 4.3392-7 ANCO 3.029-10 NCO 6.286=12
SGN VEL 2 NF SEC 869.9 . N2 o T.2l3z-i HCO 2.0927-8 N3 2.081-13

AIITVAd d00d J0
SI ADVd TVNIDIYO

ADDITLONAL PRODULTS WHICH WERE CONSIDERED QUT WHOSE MOLE FRACTIONS WERE LESS THAN 1.00000E-15

NZH3 NZH4 NH3#» Cx c CH CH2 CH3 CHZ0H CH4
CH30H C2¥ L2 Cin C2nd C2ho2 C2H2 CZn20 L2H202 L2H3
C2H30 CH3LD C2H3G2 C202H3 G2HS H&C 20 CH3CHO C2H402 C202H4 "C2HS
C2H40H CaHB C2H5UH C2N2 czo (202 (=L c3 C3H C3H2
C3H3 C3H4 C3H5 C2HsLo CAHE C2HACO C3HT C3HA0H C3HE C3HTO0H
{302 Can L4 C4H CaH2 C4H3 C4Ha CaHb CaHS C4MT
C4HT04 L4Ha C&H9 CaHlO [ C5H C5H2 C5hH3 C5H4 C5HS
L5He C3HT L5HE CHHY CSHLO CSHLL C5HL2 Cé C6H CoHZ
CBOH2 CoH3 CoH4 Lol2H4 H3(e CoH5 H&eC o CoHE CH603He CoH?
Lohs .0 E R CaHY CoHlO CoHe05 ColO5H+ H#U5C6 CeHLL CéHl2 CoHLZ
CoHl4 CTH Cihz CTH1% C7HL5 CTHLG C8H CBHZ C8H16 C8HLT
ChHla C9H Loz CSH18 C9HL9 L9H20 CLlOH CLOHZ C+H+0+ C 2H40
NZO3 N2O4 h20% C5% Cox CH4COU ChHN CNZ C2N H200(51)

HZOLL )
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